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UNCLASSWEIU
owpofl No. no/lei

lForhern St*A1.. of the Keeammim of !enetration of

To Ontim 04 **W* IW notaUeetmphIc awne, of %be mature
of she &*formation profted in 1/20 thick homo~necivcoa roU4 amrn
plate 'or eaIlbe .30 aw "IWIMa %alelk.t

V. A. Nqisw* X. 110/197 APR 2 3 185
W. A.. U*&@t 53"
If. A. WOWte V.A: 7.5/73

Oorn.gaeMmse pw%&AMato this eport to~ fnntained I&
Appewx A,

vcC

T 7" .7% ?IU dov~fiflm t hast be en opproved
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~ISNUX3 IN31NbdNVJEIAOD LV (13)IMf1,11H



UNCLASSWFIED

rofti~acfro*pawr.*om of r~ttlug wii sea-retrktOs a.v~s

f. Atora"o ISO% axa1 4*1k # tb.l" vlmge %~reu*4 lb. V~%'.lv an
moo te?&5l*4 by as ft~for *USS ex StUI ptto meoum*&# iporpeinm

4o4S to. gmisI Woo on atw I"%*i sert.40croytsfomaya?-
or, usf~ *Uble altelas of W Werol..gn Otlats

b..a I* lb. soul.

b.~)war4 or 4einsssv Wapig of th# eM so. m Ws g

Sb. baaie to bs vielmity of tkb- val11ot bolo,

4~rf Uw * .laslb Ltsav pr.sinttM In $Uis rov'ort, -it wmid4 yar

IbiS Sb. tformjo of %lte 1ayWi Is rf'*1E%4IC IV5% Ug Mh
PaSUS of 6demwsnsln ~biwea *%Otte ~~tt' ~ hvc~l.

lOUS~ta w.lei.. be)*v v"Olb lb. *"use )*.ro to net fe"0n4.

a ~~3SNU3iX IN3~DNNI3OD ItV 03rw)014d3ki



Prwlvlevs u e11~tma sow~ (w'A. Tin/297) O-f Peetvatiou at
%Uis homomeaus zmwe ýy ctA1 Iw *30, *r".-ptere4w tniU.Sw has

.Iwo*. tiprs41.utsr to this dirowtua of' bd1.4t rtetra$Soa, Owe
4ieowU.. ,T~vv1.6e by Ob*~hrfteu mar"Sph'i r' ft180&1 dive It-
"Ief to lb. tem of %bins e~smtiwif #n*. uatat %h* bull lot hslo,

lb., via. .Im3l1 evpSat lb ma~r4 V-.,milwl rtrfgly. of %he
jj*. ~NO mopl~, fyi.W lb iewit or at Pagotrt'ies, PIW g1.aq. t.v1i.

ow Alie.S UwOO t bOwut Srto .t* l 4isutoveft OcAllissst so
x b~~m~lad 4.ou9'O t of . flow 11a.* or UMSSSOa~ '9 u"rve taue te I

- Is 1ka ww iuiewt of Wb. Pawelations *to fojrcr raaodly distrt-
b%%A %M qW~n, ulds or# beU.'vrp to boe optnwis. fnwme

ty Mubly 1*ftd1%*4 hb4Lat &4 rM ?.i14 .. saimt of tho a*t Is
"dEies* hl %*F. sr* *U'P &" fmtlegtt of tb". *Joel ,!tcte I& ea-

hIt ..ý Soueide,.4 44dtrbIe to @f"'iIwjv th* vwiuy aOfor~o

wigb leaml &n t plate *slt b*%o pe Se~ 4Ate~p fatvoPecInfoawi

AAg

5100gbWOIS &414 50Sege.

st~l bob) 00i~ e



Youtratiame wot e*Ve~wd Is itwe 1/2" thIck hemeaemsoue araer
plates, out from a 36"x360 plate Of tWe fel1@ving cbemrfea1 bunlystul

The two ;1Ixes J~riI 00, follevtiTICv~t~

553 $3Cal. 03ck A*1[*

pveleaded esUber .3D AP, ammaltion at u'nw~ma I q-Nct, after vbeb ýo
seeUos v** m&t free the plate n VeL atrettleas mt;.d In Owe wectiou by
m~aeblu saller .30 &,1,, owes Into Sth plate unW',P the head of r
"teach. Saasle, as 11lsetrateL In the rollow41n, d1ftvSA1

JCA, .. 30 *P Comc

The d~termation ,nroum thi* stati-1Y irr fteflA ro'ieWi'towi v
empat.4 to that around ImVact pons~tr-tons.
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TkO fOl1OVJIU1 PAtr~ata'titl OAO a e r, v~st 'Z v]re ý,;Ctloated
eltbew la please tr&uavorso to the trraor orŽt~', roval1*X1 to thf,
eurfaces of the plate I

rowtratiou voloolty Ketha4 of of "Un o

F~irt. from er~1e
83531S. PWO name' Ael so"let to surf ~ce

"S3l..2100 2100 S.41470 ?rsnnevuree

i1ý1ST te-tic tensile Mtahlre *l6'''1,?ff90q

Pa~rallel
Sl3 1-n *IIISit CL-.-'l-to to varf-ce

1'las go. 6,)u.T2 vc.s *rat to Frx-akfore1 JArv~ent0. to*~ft-e*
tratiosts vith ratatirag and non-rotatiag caliber 3004? cores to
*bserv. Wh diff*roaeos, If any,, In the 106ronu-tions prottue*4. T
voir Slag OOere were copS,., pl-'twd to take the' rit 1Iig while the mon-
rotating cores wore unp1*to4.

T!he followimU posotrationis I* p1rte ~o h) prol¶ueed 'by firtiný
osliber .30 A.1* Aullet sores at the rlatew.r f 'tuf.ed In this In-

4. 1/29/41 A 2)4f5 Smooth 13ere Umpot*F~t VPaalol, to -ýurPee

5 1/ 3D/42 A 2113 .25? I,'',irtgton .3711 i1rr.1o t,. sxtrfý' ci

11 2?/, W42 / 41,8%76 Smonoth Dora .367 Trune'vqren

Imi Ctserihl Wase plam,ie;.cttoait ~~1 vev n ~rkr',r1 In Wh ~' of
rszotr,ý%Iess stui*fId on piasa. rawe.11ol to tti rlrnti suifaseal one.
vitkda 0.0200 of the 12tpaot.4 *PrfAce of t~hr ',1nt'. on~e vithis 0.0"'*
of tht býNet taip of the, plteg andi oro a;"' ::rnint0y In~ t)h* '444!10 nf
Sb. ciorss-ssCtlon of the irlat.

6Sringflel( actlea rifls with ho'-vv y in~rlat'3 brrel 1 tro4.f"
a 141,.k rest,
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*~ t I

The POisetratiens v-re first exaxiined &t hirb xwz~nifienitea eteoh,~

after whish Mary were etooki with Obegheffer's mmiroscopie r~agent
60s1W.fl WW GsWMstie of Mhe Inta-1 In the vicinity of tebutllet

±zXA24f ttloa of tteaswsev sections of penetrattion* aai* by jacketed.
"eliber .30 4*?* Vallet. andi etwIppe ealibor .30 A*1P* cores shows
thme effect of the, Jaok~t on~ th r14o bImlt up on th- fs*e of the plate
dwift possotraties. figwer IN shows a cross-seottcrn ofa p~ezetrztt~or
amse bp. ci-iber .30 A.,P,*oer* fired from a uaooth..bote gun. The
neti.1 abt Sb faLe of thme plat.be has. un vrmurl tho ballet s1~leftl

UO th ridge beil$ up arowti a buimil bmll l'prewsion In soft set 4.,
fipres IA wA IC show the weve foeww*.a t tbo awfae*oo f the plate
emast 1 Ow .o li 4 peants'atem of tOe Jsoket uatal late the plate.q
In very soft maw plate, the Jack--$ All Tonetreate to a seasF~ormbli

.Vigores 13 andi lb *to trp'nsvrso seetioea of s'rto s.etr'tionv
tesaret by psebShiag iber .30 X..?, ooreu tato tim. laet Valor the it~d
of a Useolle wachlao. %wm defommittoft of tUe Waading Is slumi1.-r to
that pretiucet by lyamle imyrect with 'both roitin~g P~ml You-rotkti .

Bo 6wh~te layor' wes ob,.rveif to the troev.si-rs seetinse of the
etaxtle ponostratiosa euminzed. ftgwe PA. alriew of the bottom of
peogtaUeni~ 5531-SI0 ehWme omly prosoemae. displacea~est of the bn-ndinig
msee tOe Pmesstata. Cis the fther ham, oentider~ble %his. layor"

* wee .bserveti In dya~mi o estratioas of both rotating ana nom-rot'ttiii,
bullet., (so* Flier* 26, aikal. etch, of thm tsansworre section ofL thr!
bellem of poemtraties a 5312100.) fto fermsiosa of 'Imbite layer" vzoqw
to be, thereoreu, a, faetion of tht rat., of deformtloa,

Tie"s of plaeas parallel to the surface. of th~e plate cont-Antre
Upleal Arfomttioa produceil by dymawle imrvct of ".libor *31 bulintc
to shows in Flier* 3, vemvtrtlon !z0* L'731i2, A ,1, ord C are O'"
s.4ioans ceir new. thu top, muibhl sad bmtom of the peseotretios. ghs,
white material a1 the edige Of the balle hole bi 71gare 3A eenel, te' rst
pertieme of the copper Jacket lnIng tW rpontration, Figws. 35 Owe~v
ooneidorable 0white layer" branching off from the, 94ge of tho ,peaetA~tion
-,t &molss of rowghly 1I50. Tb he psc.~n of the bindi ne on el tbor
914e of the %bit* layersO s ewewdoenne of 1.he slly, of tMe metAKI th'A
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fteostle.. flow*. 3C sisews a gemot resdisting froee the ballet iha3e

. .* that osatelem several geeUens of Owhiite lpiror"s

A l~~~~~ifts of p1itsw pwallel. thm lb.ufaie of thepa*ea~mn
foypieal deformatle prodmood br vtatle peastration.os ~ l .30
swiese .*t shemis slow It 9, WIV6etim so, 9S31.SL. A019 asa Cwi

'4 ~ ~ rwpuest. Goetleag fees-the UPSp .54C, saibotten of tWW Pomotation.
both riomtrý,lm No,. 9e 531-2 amA 1-33l.3L ere co4-.lete to ab-mt She

s erroot I,** the moto of the bullt'rrejecting throagh Ow. bi~c of
the irlste to &abot the samemxtent, to oikh !,.n'trI"tion. ft. Wsi eonren-
trioe rings; -aevi the ballet bole of tM etatie p~enetration ere voryv
stmlir to these arommd Me dyumode ",netration,

Tb. *bvicua dtfferesce betvee. 4ynmvic iamt1 etic, rometv~tic-am is~
*Ca"a the lack of %bite IVr In the IttAIC r,0Yi* tr,ý tics. Cue exc.,ýtier

mass however, fouam In t.- em-s9 of th-&, ION''tudin't~ 'ectiaof :' the
bet%$" Lqvr of Veimetreties Be, 8331.$L. YIgar~io 5ti and 3 2 vi.',e at
Moorw aeplfleation of tOw plowe setion 0.0190 abovo the beck Iveo of
the. plate UsuaL Vemets'mtin Xe. 25S31-46, showing ocaurroaf of vh-A_
-waist be eomoidai'e 00I41W lsyr~ at tht' vilcb of the 'In~let b-n1; A~vt
&lof.a rask.; radiating from lUs bullet hole. Tho -rPobfb)le explflamtI)It
of thig pboneiagen follow*$ Ag the core was mrthe.4 throu&~ the P'ls:1tz
umierW t haLm of th eattle snl ehime* t11h&.1ond built up to a mzm
vveand, meL emaef ftl*11Y@17 eon~tarnt. t~hen ttw m of the vire
aeic*~4 through She bm* of the plate. the, tTte reusataxso der1.:,
oabruptl and th. sor* auel,ýrstod forwrrd. fiviv to tho. roetllteme of th;
plato which hmd. boon elautloally deflocted. tnner thv o.r'lie4 force)
at a speed groat .rzumh teemse.ftrwition of Npv.tot ltyer*. T-*ie
ovisito layew' wonl& *oaems#zlly be rtstricted to the' l',t ivortion of
Noe plate p~%er&"e; 1.e. te lbottom of tit- ballet hile, where It vn.4

-........ etwlly fee".

TUs %bito layers Illa'atWAteL In Vigure 5B. photegreripb.A un or
o'blique IlimIDutlem# shown t~ho chý.rsicteri-Rtle fuwro,"d "d! d.itortfr1
aippeam~ace of thoe..iyos

eastrtilons vredueoL by both rot-tinjC vrj n--rditatine eorrt:
sham Identical forma-Aios of %klt. INY~r*rt n:'! e-ic'entrle winr',#, suggpstira
that v'ctatima of the ballet goe re I,?vngliciln Influence *non~ tho

mveadwLA of ir.u~tvrtiom of armor rl-tt!. lh'M n V)' bee cz'j'eoe 01n
"olem~ttiose have showu tht Shp enera of vot-Alttof i a, ballot i~ lic~t
to P. vory wifll vt1w. eeaT's.Fed to thfq -nerev of tr~nnvatI0*.

riv~ree 6AS Be C, :towe revlytvd vTie 0 of ret~to"I r, llO'~l t",
the P1~te tuifaso thz'eegh thew tap, o .11~t~ct m~trle tio('i

plated crnliber -30 Ad'- "P ies ar" "f"m %ý5 *' ;et~i1us VIMl,

.1qNifI)'J I WMNMIAI0f1A(IV (I 1II~L



* 3!Ite4 whi~t.l 6a4 iwoad the, Vdar of uth I-allot Wile~* li iguv 6C is
a~ t~U of the tappier peting. Km cop--c~r bn rit'o filled uý P.
0150k. Is tWe wis1at of tk* Penetration,

l~eu',6 1lltwt-te a 1homee th*t h,,s been provieuu1l
not"a Sa b.A*P *soret goo 1101191# ammo'. she hour-g~la* thave Of
the Woum of .te" $t~t.-As distorted &uringr. Ge..rl0to pmarti~ton.
Y4gere GAO vMok to a Ylov of a section 0,0060 below the top of th.
plate Ashos distorlia to ma moorap 61vt9D~r* Of 0.13' &ANiaY fvO0
the b&e kot A, station Q*226 below tAe Imace gufase# rlggr'e6'
shows 1114toztion to an -,f-age 6lrteamm of 'but 0.101 w, the a bullet
bole* A section Q.)68P2 below the lupOt elsrfAce, figgere SCO shoe"
distortion to &a jf-ýt-ag va vtgeaa, of 0,180 nmny frori tht! bullet hole.

well EjuplscA4 nO tihile th±e insti~l.£ tŽk rv~~ i of the cross-
section Is 4ieiz~awd lrwiu' at the IimtctA4 t'urfre.r nn t'onv-,--r4 lit
the 4augc uwftxe of the plate to term the fevilVr 4.ulgos aromnd rene-

tantleto. So La*t pvgm&M saL dawftmi beunding of ths, vot21115i
* ~~fib*" (ee~vOMSitjqS~~e ae'4 tiw rlett'- inurfstes tMl sitr rv's,,o"9bfe

tel' "W hour-glot *a ;4 ShAt to rewa'letl -zo'~tnll 4Ohi6 ave,

*rm-mmerve sessions through .etogrtition b~n!s, r(ET, vhea
etebo-41 as ,.1term~to liebt otad Ork- ortenkee .ey4orPY 00vrr!t*%94e
*etal will a~wý" j*zýqtjy the smaei s thA It Ir, 1i--,oovbl* to d#-
tiolvot by "ttl1O&TP.Pi@ wmas alone* If elths-r or~tin0
:etsing of the fibers Is &~lose rtsponwi;lX' for tho -AttortI@et or
whethor tbhey botb &DO w. !povt*1bl#.

I-The hour.-Stope pateom of d.f*orsd ,ii4 mtsl torto be imoeae
w th " foiamtlon a& WadSI#W oil tweet maetsals9, the

0614Pe Ot WIsh iffwteY *O~ft0600 to te M$1180 of the wk~te Of
the dseu'aWit uFtal.

Views of qo.Wtjotu Mt ponuial to the fmirtreei ot the -plate
thruo~ aPeasttvtUon mAde IV a oas-retastI3 on.10thc .30 tar~r j-IorrtvN,&
bult or,, aro inheIn is VI,,Ur* 7. The to m t t"i O~ "whito

Im.l ,-4rom,,'tIem eonau-ingta of eoneontrie rinr, 1r1AU0 l'.t v#ith
ths ,'!ee yi ~tof a rothting :Y-,or ý)r e ro In

A -'we. im~aot of A o0bliber * 30 cart )v@;:An-t.1:' *
Pot rdaaoe& am, lnt,. totio#i deformts~oln ptti,'i saI'tlg~xrt F.

i"Cho 1.7.33 I~.rtftl~el to th~e ,TA. to empf' fý.' thtctah rewtv'selli
So, /~sY A.). 13gure FA vevea).s nrl~ -!Mon ,')qb6O Ute

theY lopomted Purf.,o. Aho bullet onto vA the. a 41retlm
that *c'rrogatn~l to tviw le or rii,;ht hrno reelIo'i 0 t~' ~w'

I :J I 1 1V )I A0 00 ')1



UsWho 4oMtozz to mett wvere In the ,pMer left of the 1 Mbotograph,
whish Is Wh portion of the metal tha~t theý 'bud1"t dir-plaed# urv,~w1

asIt eautla~ te plate at &an 1 anlon 0 lnj'r X2? 04s thol e top
invaOe of Owe rl&t* soo YtIpr. 6192 the detorimtion is meet severe
In the loweir alht of tMe pastogspbg wehio orreryonlu 1 tohe r.rtion
of Sbe metal Wt is &~a so.~seleme ben.'th thot r-riaor ii'rclug core.
While, the 6.fO'.SOs MWth loer left of the Pbotog'aph FMPUOMs*t*
Mth metal abovte 00 An of UWtheroJectile Which In Warned4 1 Ak co"-
blaotiou of oopwessionandui %mosles str0RIL.s.i, This vftri.'%Ies In the
distribittioi of the Aerorvel astell withi ttn depth of ronetfttton
sau4puts t=. roveruu1 of atrdssos tii vhteh the W~oy of' the 'ýrmor
pieretag core I i'lA~Jojeto so it irenetr11to~ ai ;-eco of onriar of this

)'ijyr* A8. shows a Lt~lane ",ction 0.~40f*' bilii the L-roacted surtfsc
aw 0.0101" )ýl the bo ttom of the ballet hole. Th 40forunýtIon In
thiiwrogion consists of the beadimg of th", roannntit -tf the 4ar~ritle
^xe** which bad4 "Itlmely' been CeformeI WM. al1Ig~no by bet okn.
Into a *iwe~a-ftr pattsra rrou&4 lb center of Impw%,,

The th~tt eonoentrie rings of aaterun.te lirht mni drtrk etrhing
ssasetihmts .rois% of Uhili1 doforw-j & bT. ciOt-PPr~eJ tigrg tior.
U949 Wtkj ure &ieiplaee byr the bulltt Ctrtsr penetri-tion. These
58m eis .~re ;prsvt.t in their unw4iturbs4. corkiltil" vn r'way tr the
pouviri.tion. ý.k &A thle region consisit of -tiv~trlel 1i)it ona eRr
otching streaks oriented lit the d!irerttiov ef r~liri'~ of thut pitc?.

B8NUWXVANUWNW3AOD AV 0300f(jQodaI



Stched in Oberhotferte Rleagent fraensyree Sectio~ns of Ponot'',t-"i o., ft.-. v

Velocity~ ~ ~ ~ ~ - 1-Y~e.Ple -Ca..10Cr

c. impact Penetration 11o. 5S31-2150 D.Sat nerIONo
VelocitY - 2150 Nomae. Pl~ n,-0C~

%,Io Ca.1 .!Rl AP Fired from Mann barrel int-s Pinkt, n~ oA fT-i

C. Imact Pnetitio Noow 581 15oDtSrtc tiraion%
Velocity11110 -2mt0 .30~c 1Clot n 30C
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fign~r.A 2

Static~ Pen',trations

Etceod in Nital Original MFLnfic!1tlin XIC

. ..- .. .

B.Penetratifln SS31-SLA. Penetrati,)n SS31-STI tLi eerto.ScinPt,114 OaStatic P~eatr~tion. Transverse Sectieri thr-3ih OtPttc Boelowat ron. Seu1onr:Parof t~ r'Bott,)m of Bullet Hole.O.b eoFrn 1?n o!'at

Impact Pent trations

C. eneraion531-ZQOD. Penetrati'nn 3331-2
.yPeneit Pentrtion S3 -21000 tmo Dyrnmi~ Penetration -2500 V t,' iko'

Tranavejrse section through Bottom of Buillet Hole. Section Peirnloal to and 11,-1-4'.'.~.

I ~ t I I I I I~ k irfI c tof
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hevir. 3
Itobed In Oberhcffer'e Reagent Original Naopifleetim XE

e1. F.

I CU
1,9 rj

1. Section Psenl1eI to sot 0,07'4 316v front 3*rtaoe of PnneW

ItI

* 
XII

'Ar

'41

,,. 1  '* UPeft~ntnv~loI~n ~ P~~' ,1' Yfl 'tb. *
4*Pe 4 k~o oA Rt ,?o %'t 9VtV,



figure 14

Itched in Oberhofter'e Reagent original Neoniftcatioo XS

A. Section Parallel to end 0.028' Below Front Surface of plate.

x'A

'nn

Ak'~

SSNiJdXJ, 1NLN~tNW3U 0AQ VV tlWt

\NA N NA -



A.

1Figure 5

Static Penetration

I 
Core

A. Orig. Kag. 2100 Penetration SS31-L. Vital Itch
Static Penetration. Section Parallel to and 0.019'

Above Back Surface of Plate.

Penetration No. 8S31-SL

Armor flt
Plate Core

B. Orig, Nag, 21000 Oblique IiulnWmIttota 531-31 viltal Vt.Žt
Cracks ann Svere Ditortlion 

t
W 

m
*kita Layers Ad'jeO011 V% U 110% Cm.r'

iISNJdXd ±NdIIhINUtI ,lV tAN I,,1 hUUMIJi

I. IN¾¾ \vN



Fimure 6

Itched In Oberhoffer
t

s eaogent Original Nav~iflatton X8

ik,

A. Section Parallel to sand 0.0060 Below Front Surface of Plato.

Ix . ~64

U ecto aallt a .2'beo rn ufc fPae
0' N . I

1.'L.tt

re4 rtz. 8

"S rt~Z

B. Sectio~n Parallul to ad0.22P4 Belonw front Surface of Plate,

*~~b Iva



ltEure 7

Itched In Oberboffer's Reagent Original Magnification US

A. Section Parallel to and 0.0114' Below Front Surface of Plate.0

OW..

Aa-S

B. section Parallel to end 0.2147N Below Front Surface of Plakto. "I'IIA

A I-- 1,!fO;.V9-

IMI..*4 A I~oeq

A -



Figure 8

Itoce" 13 Oberboffer t s Reagent Original Magnification X8

A. Section Parallel to end 0.006' Below Front hurfaoe of Plate. lretc

-~' ~ r'of Iqect

Ilk 0

Vill

CK

3. $e"tLou Parallel t. and 0.228' Solow Front Surface of Plate. 1

var ~ \UN 4 vs

"' ~,N

fleve ISO O~ticios ofiPt t 0,111' 141fli SotV's sf *%%$~W~.~

iJSNdIUXd 4NOMNN JAOW) IV UJ;)I11QOW ..tI
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U1SDW MBWA.

VInm!w MANS. Doesite 19, 19~41

Dow X&ior oF;ehr

*za ewt f hecofeene eca%7 el a yua

on the ubj4 of rematof the of amrw. we ineie fyour1 attentio

to this following:

1.

2. ha*lx& a, Penetration Test on 1/." 4Lhiek 'Moesu Pj~r
Plitt* so. 6202 with youa 6o' ;~1.1.t - Copapom'tIve
bdorh 11tvno Slt"'eAm WMAUR~lDr.- ".Wth.

us are sluUMi to pma 1W' ml a maple1 at' heat treated fII-.
ft)4a amrw plate, 5*x2mi/5'z/20, forw m'akin pmolt?~lat*s with ft

aoaujacklst*4 mounatting bllet In ordogr thu.t we r~ry fttah7 %I.e
4eftrmtion In the 'ricialty at the Impacot vith thIIu ty~e of a pro-
jectile. It is ouggesto4 that pwotrttioine bo vinnze tnt pich veleal ti~~
4,11 %0 4&%uGe ***I*%*t rlaOVAUtIAn tb*t ISi, With thO M89e Of the
bW.Uet *ore ja&et projecting, throuigh the r*vt' fru of thie ;lnts% urf
ailes a -,enet~rmtion in whiah the 1I:Iulet corto Ju~'n ao,")Ietoly Stuouc

throujr~h Vit pilute. %tt he oh4&L only~ito of týAn vttanrll &Ist

727 5 4"- ___.1 10 P

The jiftikel hiawyess of the ,ttplm. tis IQ)~ Wnt the WalIW.1\
limit of %III# plate to goe~ f/, e. .3u

*to
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Watertovn 4ruefkl.
-L', Wattrtawn. gaon.

~, 'S.D4ar !PiaJor Cox:

The~e aro*sis foh you seat December 9 *, 19)1M
has beea peastrateA as w•.e plraol, vi~lh • g,• sum& w~ith non- I
""0,6tlin s01. .XD $orl*. Me NOpe bI* x 2-l/0" x 1/20 of plate
so. 62'-6 le Uel Mile& maw sepaUate cover, cad "ta per-
"tLnana to these peioetiatiso* aOe gvea an the attached sheet.

fte smotb-bore wepon ihsh was nodifie4 for tiring
bu".llets without sotioesn, glveos mauiou veloeity of Ie*e than
25W ft/seeo a produced two nonploto penetrations. Imt not a
•onpleto po*eoratlon of the armor st•ple. The anrtridLe has
already been oomplotely filled with .owo.ie haing the highest
potential available. and4 the vSolootty "~n bo apr.eistbly iinore.m-i
*&I7 by lOterestag the poW"i Volume.

velocities Woo Peamu'ed for the first r"nds o by•
of the optical chronograph, wheb uses a rotating: mirror to ro-
""erd th. ballet position as a funetion of time. The values ero
beoliev.4 to be 0eioeet to within 1,$ probable error. The l;awd
vlues, umexsowd by a all•1stlo pesdulum, aq bo soaoerat levo
uiourhte, sce the *q•ipemast hbets awt yet been tftlly ehw•&e.

It vill be noete that the bull.ts for the Raintoes
.2•1. &rot heviere, beo&use of the ooppor plnrtinl wheh wasu ueeod*

* .. 1)to tE•k' the rifln.•.

we hope that tUs m le of armot will e of use to
D r. Beo and Lat.hewu in the atn4y of the effoot of bUllet
"spi.n ik)a the armor Wing pent•akifta. Vo Ar".' of, mP, Intm-
eostd in the detells which One stehsiirsow Okev* rwmsdas av aoto'lr

i.
• ' :.l~~~~~SN~hl~Il ,1 N)Iv~N~ I:1IAo')! I V ,:!l(•h!t



At~Ju SSmtet

Major (0. L. Cox,
Watertown 4ruonal.

-~~~Wa~tertown, R'ans.

.3Der Major Cox:

P2 The, armr *a*&* Wdoh you~ otnt December 1.9 1.9'a
hae boma peattrateA as ws plaaaed, vllh roVAtimo get& with non- I
g~~taAl .)D eores. I& amp~le L$* x 2'l/ 1 /29 of plate
No.. 62o'-gJt beima walled us6. eepaatte cove~r, nnd dta per-
%aining to Sheep peaetvutlefes are given on the attached sheet.

bullts without roalsgie axm eoct fI**ta
25WG ft/se. and produced twom omplete penetrations. bUt not a
noapleto p~rtoratlon of the arwor somplo. The azrtrldg. bas
alrteady Us*a .mplotely filled with p'owder hiving the higheta
potm'tlal avalable. and the vas1oltv "en I1s apprasaiahly incozred
oa1lr W~ laereastag the powder v*Um..

Yelooltiee was, p.meftue for the firat rounds W by n
of the optical ohrouogriph. whleh uscin a. rolating- mirrr to roo-
"erd the bullet position as a fumetion of ties. "the, values ar*
'believed to 'be oewweet to within 1.1 probeskble error. The 1&%#r
volauo, me*maed. by a, ballistic penduluam, =q boe nomewat loss
aneouratesinle. tbe equipment, has not yet bemn full~y ohecode.

It vi11 Us noted that tho b.&ll.,ts for the Imalagtoa
.251, asre hanvir, because of the copoer plrttly4c vl~ieh a s &*odsl

21 to t~t-* the rifling.

ia.:t~ec~ we hope that tWe amplo of mreor will '*a of %%* to
Dr. sod nd. Lt. M~atthews In the study of the offtoot of Uullot

spin ik~ez the armor dWln4 ponstrakifol. Us, Aro. of Oapise, intor-
el Ieated in the 4etails Ohich %he Mtehln" Maow ropihr~tim a sq nttilbb'

RSNhIdX'I 1NatNNU-3AO') AV



Major Cox Februay

ALWWina. LA % SOUe fetlow botviof peaewsitr916ns IW spim
a" soll-Op'Isan WILOSI. MAMMeOtSe" of OWa Sull"ia *pm&aiv.
volk an the sohmaLis of aywv ponetv'ri, will be ywy velaus;
hoiv~ it Is d*%AibEd "ht ye will have moah time for It in the
I~mmistate futurae.

Sincerly yourzs.

L.m S.Yma.

Lt. ol.,Ord.Dept

Xnch IWfic
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1/2 9/4j Eimeaoth bor. Optical Winucengogvp 2475 t f -

i/3o/~42 "I -1.25T Optical Ghuono~w~ -2113 fLt ,0-

I/ 30/14e 3 O127opt 1@sa. GhoeTOS(VS 2000 f titFrP

Wa$..257 Optiee'l Chronograph 19y, t.l~

1/31/~42 4 both UroOw. )pI oft (hronegraphi ftO:t

2/?5/ 42 A 90.7 T . OUa1.257 PAIi.11qtio FR&IslM Pi f
11m1""t.

2426/~42 A St.5 03 S. btth bow. $a11.IQO fta1a

9126/42a3 St.5 fS. %oath bete 36~111010 P'mft~a1m 19?

'26142 C 52,TS.7 Moth bore 141l1stle )9hduluIm 16.1k f t.:ý
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